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karthquakes ave.¢losely eo&xected with oro-enesie and result f'rom sudden
8ifts, slipping or twisting ef malter under continonely aeting forces,
This concept ie conliricd by aho.eso:rnphicnl distribution of earthquakes
a.ad by the severe disturbances of thg earthi's eruat aftor neveral cataztrophic
earthquakes,
AL provent, after an acewamlatian of mueh ubservational data we ean
hmﬂh‘mmmmdaﬂ@lmmim1w'mwwmmkw,ofimmmmnmllmmforaMIw
within uie carth, and of the details of the eartliquake process, This seismic
problom has vocently assumed ever-increasing impertance, and some results
have already been patned, Undoul-bedly the scismic mechaniocm is clocely
connected with the eentrum's physicnl chapacterinbics, and therefore one ‘
should carefully sludy cuntra, the movement of matter in them, their spnbﬂal%&m!‘f?', .
che, . .
The following conclusions were derived from determinations made by
Soviet seismolorists oser a 12-year period of centrum position and depth in
Trimean earthquakes: Firat, epicenters of Grimean earthquakes are located
in bthe Black Sea at an averape distance of L0 kilometers south and sovbhe
east of tle tip of the Crimexn peninsula, The seismic activity of these
reglons is connocted with ororenic processes in Lhe Crimean mountain system,
Second, these earthyuake centra are not randomly disposed, Lut are con- '
lained in & wide stratum which enlers the Crimean peninsula from the bottom
of the Llack Sea. : ) 4
Figures 1 and 2 confirm the above, This data sugpests that Crimean
earthquakes are crea ed by progressive shifting of the Crimean mountains
' massif towards the Black Sea, which assumption is confirmed by geological ‘ ‘ P
- characteristics as well as by arrangement of centra, Irom this standpointy |

each earthquake should be considered as an instantancous shift ereating
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mainly transverse waves, and mest seismosrame of Crimean earthquakes do
indicate that transverse waves are considerably sironzer than lenzitudinal,
ALl centra of Crimean earthquakes are shallow and do not appear below the
earth's cruet, but this doefnot mean that the sources, of movement of the
Crimean massif must themselves bhe located in the earth's crust; on the con=
trary, it is qulte possitle that a slow but continunus pressure ie exerted
in Lhe sub=crust mattor,

Another oxample is tiie arranzewent of cantra of Central Agiatic earth-
quakes, which were also studied by Soviet seismologists. Interpretation
of thie data is much more difficult since the forms of folding and the move=-

ment of the masses of matter which make up mountain systems is much more

complex in, Central Asia than in the Crimea.

1f we sysh%ha@ically divide this repion from north to south, we obtain
a very interesting picture of the distribution of centra ;f Central Asiatic
earthquakes,

A rood example is the segme%é&fhe 70th imeridian betwsen the Bch and
L3th parallels, The curves in Figure 3 saow the predominant afrangement of
earthquake oentra. As seen, centra of normal earthcuakes are present tirough-
out the ségment, The further south, however, the more frequent the centra -,

of interinediate earhhquakaa,w‘nose depth increases towards the south,

.If we compare tpis distribtution with a geological map of the locality,

we conclude bhat thoe depth of centra increases under the mountain massifs

of the Pa&irs. In peneral terms we can say that the formation of Gindukush
and Pamir is dqa bo the slow movement of sﬁb-cruat massea, during-&%ch

fissures and srifts oceyr not only in the collapling masses of the earth'l .
crust, but also in ‘the sub-crust matter itself. This explalns the presence

of several belts in the arrangement of centra. In Central Asaatic earth-

v ' ’

quakes, hhe displacements recorded on seiemograma for transversa waves: were

mpch greater than for lonpitudinal~waves. This again confirma *he predom-

inance of shift-like 1mpulsas.
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A 1939 earthquake in the region of the. peter 11 range with a eentrum
* 2=3 ki deep Lelonze to thie gcheme of earthuuake formation by the overtiruet
of mome roolozical struetiras upon otliers. Oeolopicel studies made by 1. Ye,
Gubin, worker in the Garm Lxpedition of the (eophyeical Institute, Acadeny
of Sciences USER, pormdtted ue to compile a deteiled picture of te form=
alirn of a centrum by faultdng of upper strata along tie surface of the
eryotallic foundanion, as is snown in Figure L.

Phe third exanple conceérns centra of deepiearthqunkee in the reglen of
coartal belt of the bacific Ncean, which were stvdied by Outenberg and Rictter,

According Lo the map showing the dinlribution of epicenters of deap-
focus carthquakes (Fipure 5),very deep centra are found not only beneath
ti.e bottom of tre Facific Ocean, but also beneatn the Asiatic continent

l close to shore.

flutenberg drew up & profile crosc=-section of tie disposition of centra
throurh the Hokkaido Islands, the Japancoe Sed, and Lbe coastal belt of
Asia, which is shown in Fipure 6. The arraniement is gimilar to that of
conbra of Contral Asiabic sarthyuakes, except that the depth is considerably
greater, rcaching 600 kilometers in some caces.

It ic difficult to mgke any sort of definite concluaion without add-
itipnal data on thg geolo;icni structure of these region bub by analogy we
propese that here also is a region of slipping both in the sub-crust matter
on contact surfaces between continental and sub-crust matter and in the
crust itself, These examples illustr;te vell what can be gained by instru-
mental study of warthquakes. However,>thesé studies by no means exhaust

‘ the field., We have mentioned that the tranaverse wave, which 1is created by
. the displacement process, is much greater than the longitudinal wave, which
chgracterizes the*so-c&llgd volumetric (bulk) deformation, i.e., the process
‘ o of compression and distortioﬁ of matter. Let us suppose that matter is

instaﬂtaheously compressed in the centrum which excites the funﬁamenta;

‘ el |
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longitvdinal wave, ILe energy will be greater or at, least equal to the
gnergy of tie transverse wave, for the latter occurs as a natural result of
the lengitvrdinal wave. The pleture would be different if the initial
inpulse in the centrum created a fundamental traneveree wave, Thie would
be the case L[ the earthquake was caue-d by dislocation or toreion,

Studies of the amplitudes of longitudinal and transverse waveo have
junt begun, The accurate Kirnoes seisma;raphs whileh have been installed at
poveral Soviet coiomic stations will aid in the solution of this problem.
The data ottained with their help on local earihquakes will leave no doubt
ac to the substantial predominance of energy of transverse vitrations,

For example, for the after-shocks following the main Askhabad shock of

1948, the energy of truneverse vibrations reaching the "Askhabad" scismic
otation was several times greater than the energy of longitudinal vibrations,
0f all cases stucdied, only in one was the energy of the longitudinal waves
approximately equal to that of the transverse waves, This exception is
none*eless of great interest, since il shows that a compressional or dis=-
tortional impulse is possitle in the centrum as well as an irpulse of the
displacement type.

vore detailed studies in the future may reveal the connection of var-
isus types of impulses with the peolopical structure of the localiby.

In 1947, earthquakes were recorded for the first time by a special
instrumont, the extensomotor, constructed by Soviet seismolopist N, V.
Veshnyakov and inslalled at one of vhe seismic stations of the Tadzhik SSR.
This instrument can record only compressional or distortional bulk deform-
ations i.e., only deformations in longiludinal waves. I might be expected
that such an instrument wien recording an earthquake would produce the
greatest displacement when the longitudinal bulk wave arrived and would not
record or would record only weakly displacements when the transverse wave

arrived,
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samples of earthquake records produced by the Veshnyakov ex.ensometer
and the Kirnos seisnograph are ghovm in Figure 7s They confirm that bulk
defermnation grows gucceseively in tranevered and not in longitudinal waves.
This is poesibly explainad by, the fact that the energy of the transverse
wave is many Limes greater than that of the longitudinal wave, and the
Lraneverse wave, reaching Lie earth'e gurlace, caused & secondary longit=
udinal wave pgreater than the main longitudinal wave which ceme from the
cenurum, Thig permite w8 to assume that procesced in the contrum are fault=
1ike. Vork with extensometers hae just bepun and analysis of their record=
ings ic slill inperfect but it ic hoped tliab in the future they will help

+o0 anewer cloarly the question of tne type of novements in the centrum.
T

ziiPart IX - Fne Connection of Earthquakes With Other Natural Phencmean7d/’
. [

! : L“.‘:‘:r-.u.‘. b el ‘L,. 8w AP WY A \,l,
The number and intensity oT earthquakes do not show any strict period-

jcity in their variation. This caused many scientists to look for a con=
noction of sarthquakes with obier natural phenomena. fhere 15 no doubt
that such a relutionship exists, but it is protably very complex and depends
upon many factors, most of which are of a.cond-rate importance; isolation
of the dependency for each of these is therefore extremely difficult, For
example, it has long been knovn that earthquakes are much more frequent in
winber than in summex and this has been confirmed by many gtatistical summaries.
Comparison ol the number of varthquakes in the nnrthqﬁ and southern hemi=-
spheres with the ceasons (Figure 8) gives a yery convineing picture.,

this relationship might be erplained by vhe fact that cyclonic weather
predominates in winter, The atmosphere rests on cach square meber of ‘the
eurth's surface with a force slightly greater than ten tons, I we assume
that the pressure in the central region: of a cyclone averages 10 mm/Hg

below normal, the pressuré on cach square meter of the earth's surface is
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136 kilograms below normal, Consequently, we might assume tliat this or an
even preat variation of atmespheric pressure, if it is net the main eource
of forces acting in earthquakes, ies at least an auxiliary factor, Thie
fact was uvsed as a basis fer attempts to relate earthruakes to variations

in atmospheric pressure, This dependency ie chovn in Table L.
Table L = Helationship of Larthquakee and Atmespheric kressure Variations

Chan @ in Atmooplerie
Preasure (mm/Hg) 12,6 8.8 5.2 1,6 0.k
Number of Harthquakes 148 128 113 103 97

Yo, A. Rozovakés comparison of tiie earthquakez of Central Asia with
months of the year (Firure 9) also revsaled fewer earthquakes in the summer
monthe, The dependency upon months of uhe yeary);;ich she drew up for the
number of wvarthequakes with surface centra,7g;t only repeated but emphasized
this fact, The relationship did not hold for centra of normal depth, how=
ever, and for intermediate earthquakes, the number was maximum in the fall
months, This is understandable in part, since atmospheric pressure variabions//y/
would have the greatest effect upon processes in the upper layers of the
earth's crust,

Magnetic field disturbances have frequently been obscrved during carthe-
quakes, In the Selenginsk earthquake of 1062, Lhe maznetie declination
varied by 310, Disturbance of all magnetic clements was observed in the
Czechoslovakian earthquake of 18L0. Disturtances of maghetic elements and
especially large deviations in mapnetic declination have also been observed
during many earthquakes in Italy and Japan., Many other examples could be

cited, Some foreign authers have pointed out that the "secular behavior

‘ .
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of the magnetic elemente i inteneified in the region of strong and freq-
uent earthquakes, These facte force ut Lo belleve thau & relationship bet=
ween earthquakes and mapnetic field disturbances exists, but ie by no means
obgerved in all cased. Tt 46 very probable that theee disturuancec are
pregent in nest earthquales, tut have net been discovered up to this time
Locavoe of their low amplitude, The task of contouperary science ig to
gxplain this relatiensiiip in move detail with tie help of very sencitlive
gpecial {notrunents for mosourdng waznetic fiolds, Ter Lliis purpese, &
dotailed murnetic srrvey of a larpe solemically=-nclive area Las been uncer=
taken in the USOH. When it is repeated alter one or geveral earthnuakes,
1L will permit ue to gstaulish the marnitude of wupnetic disturbances.

What reasons do we iave for our ursumption Lhat a relationship exists
betwoen earthquakes and magnetic [ield chanzes? The Pirst and most natural
rpasons is that displacements of rocks within the earth's erust, and pos=
sitly in Lhe suli=crust mattur also, ercate conditions favorable for re-
distrivution of rocks huving masnetic propertias, wiiich could not help
Luing rerlected in some neasure in chantes ol Lue mapgnetic Piecld at the
earth's surface.

Anotlier ruason i8 connccted with the diseovery under laboratory con=
ditions of the changing magnetic properties of come samples under compress-
jonal and oscillatory movenenby, Since one or the other of these conditions
slwaye prevails in carthquakes, while compression e:en praecedes an earth-
quake, it is possible tiat this elfect influences nagnetic field variations
at tho earth's surface.

Optical phenomena and atmOSpheric-electric eflecte have also been fre=-
quently observed and recorded in various countries both during and before
‘garthquakes. Shortly before or during an earthquake, many observers have

seen special luminescence in tvhe form of wide ghining bands. Sometdmes
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this luminescence ie twinkling and takes on a yellow er green hue, Other
ebeervers describe the luminescent effect in the form of rays, comparing
them with the northen lizhte. During tne Tashkent earthquake of 19L6,
professor 8. A, Chernyavskiy noted weak luminescence. In the Ashkhabad
carthquake of 6 Oct 19L0, many residents noted a glowj in fact, it was
algo observed by soue residents of the Firyuz resort, 4O kilometers south=
weot of Ashkhatad, Two caueek can ve ansumed for these luminescent eifecta,
Cae of bthase it colligione and friction between rocke fragments, which
resulte in so much heat uliat tie individual particles way Le heated to lum=
inescent temperatvres, In some caces, it mirht also ve cauged Ly the flaro=
up of hot gases 1iberated from fissures in the earth during the earthquake.
The sceond caunse, as Ye. A. chernyavekiy points oub, might be the form-
ation of eveaptionally large potential pradients in the atmoopnere, 'Tho
reason for tils is that some asbals under a prossure of peveral score atmos-
pheres release positive lons when cloge to red incandescence, i,e., of the
order of seoral hundred degrees. This applies partieularly to iron Liaving
adimlxtures of alxaline melals (about 1%), If we assume the existence of
iron ab an eartnaguake centrum geveral kilomoters deep and btue ordinary
temperatire gradient of 3° per 100 meters, the Lemperuture would increase
bo Lhat of white incandesceﬁgLand the iron would start to liberate nevative
gharges. On tue other hand, the metal by losing a positive or negative
c.arge would itsell become negablively or positively charged and could then
inductively transmit charges to tie carth's surface. These processes could
create abnormally high electric field voltage near the earth's surface,
which would appear in the form of shining discharges from various sharp-
pointed objects (mountain tops, ridses ol buildings, gte), Such silent
discharges radiate bhe same weak yellow=green twinkling light that 18

observed during garthquakes.

>
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Profuccor Le. A. Chernyavekly wase alle to obeer.e an extraordinarily
hieh eleetric petentiul in 1928 twe heurs Lefere the catastrophic earth-
quake 120 kilometers from Dzhalal=Abad, The leaves of an eloctrosccpe were
chiarged in 1 second inetand of 10 or 12 secends aund 8o strongly that they
Lonchied tue armatvre, collapmed, and Lmiediately diverzed again, Two hours
and twenty-four minutes al'ter an eleetric storm in Dzhalal-Abad the first
gnock wita a force of L wes#® was folt, and after 1} hours tihe second shock
wilh a force of 6 and underground noieses occurred, this one bteing felt in
Dzhalal=Abad. A eimilar cace of anonalous cehavior of the elactric poten=-
tial was observed in Tashkent during the dusbruclive agurthguake in the
Chatkala rante in Hovembter 1946, 'Thie intaresting dependency, however,
otill cannot bu considered accurately ectablighed and further study of it
is recuired,

Many eartiuakes ure preceded or accompanied by sounds in the form of
a low-frequeney ruakble or noise. The intensity of tihe sound is independent
of seismic intenaity. The sound oftects take place in the earth's crust,
and bthe wain reasen for this sound is in the curth's crust, although tle
sounds have been heard in both valer and air. The reason for the sound in
garthquakes ig tie oscillabions of the terrestrial layers with a very small
period at the moment of the earthquake in the centrum, It is very probable
that at first the sound wave coines to bhe place ol observation from the
centrum directly through the enrtn's solid crust, Sound waves algo arrive
ab the epicfhter and at other points on the sarth's surface, They in turn
excite sound waves in the atmosphere, wuich are propagated along the earth's
surface and also reach the place of observation. Thus, at the olservation
point, we obtain a complex sound effect lagting Lor several scconds.

The following scale-of=-five might be used in evaluating sound effects

during earthquakes:

- 10 =
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1, A weak rumble, heard enly when the surroundinge are absolutely
quict and the ear is held to the ground.

2, A weak rumble hourd in air and neard move ctrongly when the ear
ie eld Lo Lue ground.,

3, A rumble of average gtrength heard even in enclosed surroundings,

L. A loud rumble causing unrest in people.

5, A very strong rumble and thunder cavaing unrest and fear in pecple.

Because of Lhe lack of accurate observations, the pictuve of sound
digtribntion at the garth's surface has not been estaylishod ¥hat i
available indicat:s that this distribution is exlremely complexX.

Finally, we mention the connection uctween earthquakes, the earth's
rotation, and lwnar phages which has been proposed by some scleniists,
Opposite conclugiong have been obtained. The supporters of guen & relation=
shiip point out the 1iquid state of matter in the inner part of the earth
and Lhie tide phenomona in it under the influence of the moon and sun's at=
traction, The existence of tides in the ovarth's crust has been catablished
by {instrumental observalions; Lhe magnitudes are 80 negligible, however,
that they prevent any positive conclusions, Solution of this problem re-
quires procassing of voluminous data of observations, some of which have

not yet been undertaken.

-

i e
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S
)TPart X - lorecasting E.::.r‘r.hr.luakes\_fs
N
The problem of forecasting earthquakes 15 considered from two sband-
points; namely, forecasting the site and intensity of a possible earthquake
without indications of uhe time, and forecasting the time of the earthquake
on & certain territoXy.

TForscasbing gartlquakes from the first standpoint can be considered

solved, although requiring some corrections in connection with new geological

- ll =
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and seiemic dalés ihie forecact 1o based en bthe processing of much 6Y6=
vemalic material ol diruet cbearvationg over many yaar8. vaturally, it is
impognible o collact homopenaousd material for all pointe of a seismically
active reslon, put generally areat deal of naterial is availaule for impor=
tant placee such as large cltdes.

on the basis of thio statistical material, we can always indicate the
force with wiich an garthquake will appear i a certain place and the fro-
guency of 8LYOnA and cazusirophic earthiuakes. Vhen this data ie entered
on a gco;raphieal map of a gertain country or k@ world, we can igolate ihe
posgitle regions naving gart:quakes with & force of 12, 11, 10, 9, etc,

A regional geipmic map of the USER was drawn up by G. P, Gorshkov in
1937, It was discussed ul & spacial conference ab Yorevan in 1940 and
approved alter some additions and changes. ''he ropional geismic map is &
very important document, since it can .0 us.d Lo determine the seismic
activily of any h;a’;m 1’#' the USsit, whieh ig very important in developing
anti-geismic meusures in consbrhctﬂon.

The final draft of the map is siown in iMgure 10, We sec vhat a con=
siderable aread of the USSR undergoes catastrophic asarthquakes, particularly
Lhe rutions alonz the gouthen houndary. In the west, the geismic=active
pelt lies in the carpathiane and then passes east through the Crimea, Caucasus,
Caspilan Sed, Kopet=Dags T'ien=Shan, and Pamirs. Thus all the Central Asiabic
reprblics are seismically-acbive and include some zones of very high intensily.
In the east the seismically-active regions are 1ocated in bhe 1and around
Lake Baykal and also in the Far past, Sakhalin, Kuriles and Kamchatka.

low can bhe problem of forecasting tne timne of sarthquakes Le golved?
Unfortunately, despite many attempts of scientists of various countries,
this problem remaina unsolved. There has been some progress in this dir=

eobion, bub acorrate forecasts romain a long way offs

-l? -
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the first methiod of forecasting the time of an eartiiquake is that of
listening to various sounds and nnises in the earth's crust. Thie is one
of the oldest forecaetinz methods., Iu is based en the ascumplion that
every major dieturbance in tho earth's crust which is connected with tension
in ite layers is preceded ty minor disturbances (individual faults, fiesures,
ete), which, while thoy do not preduce an earthquake, are the preparatory
process for one. ‘These preliminary disturbancos creito sounds or noises,
wniel can be detectod by a sensitive sound-receiver, While ti-e idea is
sound, its Lechnical implementation is very diflficult.

Tlis mebhod was [irst used by Italian scienzists Lo forccast voleanic
erupbions. Their sound-receiving apparatus, placed at a certain depth be=
neath the earth's surface close to Mt., Vesuviug, indicated noises and sounds,
In California a hydrophone wus installed at a depth of 110 meters in a wuler=
filled shaft, Tuo apparatus transmitted a weak serunciing sound and com-
paratively stronger rolling booms and crackles, Lut the Americani like the
Italians, did not arrive at any positive solution of the problem. This
naturally does not mean that this method is useless but rather that the
soundwg-receiving units did not conform to the task set up. We are con-
fident that a soumnd-receiving unit installed at a great depth and capable
of tiving us a picture of the change of sounds of different frequencies,
both high and low, will be valuable in the practice of forecasting earth-
quakes. Construction of such a unit requires a good deal of preliminary
research work, however.

The second mothod lies in studying tilts of the earth's surface as pre-
decessors of sarthquakes. Tilte can be measured by instruments with very
little error, i.e., not exceeding O.1!'! of an arc; these measurements have
been made in various countries. In tho USSR there are several regularly-

operating btilt=measuring sbations in seismic regions, and their number is
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continuously increasing. §ince tLilimelose rocord tilts of the garth's sur=
face which are cennacted with exbernal cauegs (distributien and enange of
atmegpneric pregsure, CHARLE of soil temperature, precipitation, ete) as
well as tilts connocted witn oro~enesis and pra=-garthquake processes, il is
naturally very difficult to el.minale from thg overall tilt records thoae
tilts waich are connected with the above=mentioned external causes.

e followin: conclusions can be made on the Lasis of the above!

1. If a strong earthiquake occurs within a radius of avout 100 kilometers
of a vilumoter station, the beliavior of tilts of tie earth's surface cansod
only by jnternal reacons hae a sharply-definﬁd irregularity in its moveuents,
the so-called "bili storm”,

2, "Tilt,gbornm“ cecur 3=10 days before sarthquakes.

We shiould however point out that these conclusions are still preliminary
and require confirmation by further data. In addition, one tillmeter
station does not indicate the earthquake site pbut an area 100 kilometors in
radius. Murther studies in this direction will apparently require a thick
network of tiltﬁﬁiségtng stations in order to determine tie possible region
Por forecasting earthquakes.

the third method is to study the variations in the elastic properties
of the intratelluric substance in connection with an increase in compressional
forces before an earthquake. An approaching cabastrophe can be revealed
by conbinuous observations of the variations in these olastic properties.
This method of study is very difficult, however. 'here has bteen an attempt
to determine the speed of propagation of seismic waves through the deep
layers of the eurth's crust Lefore and after an earthquake; results were
positive, i.e4y & difforence was noted in the speeds belore and alter.
this method has not been furbhef developed so far, but i1 is physically

sound and should be tested with contemporary techniques,
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The fourth methad, i.e., ebeervations of disturbances in the electrical
ehate of the atmosphere, has not been suffieiently develeped at present,
ihie methiod ie Lased on observauiens of the appearance of electromagnetic
waves tefore and during an eartnquake, These observations liave been hap=-
rarard, howaver, and no systematic studiei of the electronagnetic waves
appearing belore an earthquake have been made. Some scientiets aosume that
the often observed unreet of animale before an earthquake is the result of
tieco electromapnctic waves actin: upen the nervous system of the animals,

We could namo semveral other physical prenomena as joosills iindices for
ferecasting earthquakes, but all these are not yet sufficiently studied
and obgorvatione have not boen checked,

From the abovo, it is clear thab accurate forecasting of earthquakes
is impossible at Lhe present time, bubt it is hoped that the high sensitivity
of present-dny plysical instruments and the availability of sevoral different

phenomena as earthquake indicators will solve this problem,
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Fig, 1. Uplcanters of Crimean Harth- ' Flg. 2. Olstrlhution of Centra of Cri-
quakea 1928-1941 (Drawn Up by 4, Ya, mean Farthgquakes
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